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In this study, it is shown with reasons that superposition principle does 
not work in vacuum. This case can be observed by Young type double slit 
experiment to be carried out. Since field-field interaction is carried through 
charged particles, in the absence of charged particles linear superposition of 
two fields is not possible and interference will not be observed. 



1 Introduction 

As it is known, the electromagnetic field is expressed by linear equations both 
in classical and quantum mechanics. Nevertheless, the idea of necessity of ex- 
pressing the electromagnetic field by a nonlinear equation has always kept the 
physicists mind busy. Classically, the nonlinear theory of Born and Infeld^ is 
the most known among these. Although no evidence of necessity of the non- 
linearity of the electromagnetic field was obtained classically, in quantum 
mechanics this situation is a little different. Due to uncertainty principle, 
photon-photon interaction^ (which is known as Delbriick scattering) is possi- 
ble by the way that the two photons vanish by creating an electron-positron 
pair and afterwards annihilation of the electron-positron pair to create a dif- 
ferent photon pair. In this case, the electric and magnetic permeability tensor 
of vacuum^ -carrying information about the electron-positron pair- will not 
be equal to 1, and since the electric and magnetic field will slowly change. 

Di = ^eikEk,Bi = 5]/iikHk (1) 

k k 

where 

eik = Sik + {eh/457imV) [2{E^ - B^)5ik + ^B^Bk] + ■■■ (2) 



IJ^ik = Sik + ieh/A57Tm*c') [2{B^ - E^)6ik + rE^Ek] + ■■■ (3) 

Here e and m are the charge and mass of electron. This result was obtained 
first by Euler and KockeP. 
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As two things of same character would not interact directly, information 
only could be obtained indirectly in nature. That is. we can obtain informa- 
tion about charged particles through field and about field through charged 
particles. Since field-field interaction is through charged particles, in the ab- 
sence of charged particles we cannot obtain information about a field through 
the other field. On the account of uncertainty principle, since simultaneous 
measurements on both field and charged particles is not possible, definite 
information about one would destroy information about the other. Hence, 
while using information about field information about charged particle will 
not appear in this expression. However, while information loss due to un- 
certainty principle is taken into account, linear superposition of two fields in 
vacuum would not be possible for the extra terms appearing. The objective 
of this study is to show that linear superposition principle does not work in 
vacuum. For this purpose, it will be shown both in classical and quantum 
electrodynamics (QED) aspects that linear superposition principle will not 
work for the Young type double-slit experiment to be performed in vacuum 
and hence interference pattern will not be observed. 

2 Classical Description of Interference 

According to the classical theory, interference occurs from two electromag- 
netic fields passing through double-slit. 

Linearly polarized monochromatic plane waves passing through each slit can 
be expressed as 



Here, Ej is the real amplitude, ki the wave vector, Ui the cirrular frequency 
and $j the phase. In this case, the electric field at point (r, t) is expressed 
as the linear superposition of two fields. 



and intensity is the square of E(r, t) 

/(r, t) = El + El + 2EiE2COs[(k2 - ki)r - {lo'2 - io'2)t - ($2 - *i)] (6) 

Classically, the book of Born and Wolf* may be looked at for information on 
theory and experiment. 



Ei(r,t) = E;e'(''"'-'^'*-*'), (i = 1, 2 



(4) 



E(r,t) = Ei(ri,t) + E2(r2,t) 



(5) 
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3 Quantum Mechanical Description 

In QED, the electromagnetic field is obtained by the quantization of classical 
electromagnetic field^. In that case, the electromagnetic field may be written 
as a sum of two parts containing positive and negative frequencies. 

E(r,t) = E(+)(r,t) + E(-)(r,t) (7) 

EW(r,t) = [EW(r,t)]t (8) 
Field passing through two slits may be written as 

E(+) (r, t) = f (r, t) (aie'*'^'-^ + aae"^^"-^) (9) 
Here, ai and a2 are creation operator and 

/(r, t) = i(hcc;/2)i/2(ek/47rR)i/2e--Vr (10) 

R is the normalized volume radius and ij- is the unit polarization vector. In 
that case, intensity is in the following form. 

7(r, t) = Tr(pE^-\r, t)E^+\r, t) (11) 

Here, p is density operator expressing field state. Inserting (2.5) (2.6) and 
(2.7) into (2.8), 

/(r, t) = N[Tr(palai) + Tr(paU2) + 2Tr(ala2)cos$] (12) 
will be obtained. Here, 

Tripa\a2) = Tripa\a2)e''^ (13) 

N^\f{r,t)\' (14) 

$ = k(ri - ra) + (15) 
a\ and al is annihilation operator and 4> is the phase. 
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4 IV. Young Type Double-Slit Experiment in 
Vacuum 



Classically, in the Young type double-slit experiment, for the two fields to 
be able make interference necessitates that the field passing through one slit 
must know the geometry of the field passing through another slit, and vice 
versa. In that case, it is necessary that the fields passing through two slit 
to interact. Since in vacuum field-field interaction is not possible, the linear 
superposition principle will not work and hence interference will not be ob- 
served. In QED, even though not present in literature yet, it is being dwelled 
upon the idea of the Dirac's^ statement: "Each photon interferes only with 
itself. Interference between different photons never occurs" The second part 
of this statement has been proven to be wrong by Forrester, Godmundson 
and Johnson^ and as well as by Brown and Twiss^ by showing that pho- 
tons emitted by different atoms exhibit interference. Taylor^, Janossy and 
Naray^° showed that interference was obtained by sending single photons. 
Lets consider an electron isolated from its surroundings. As the electron in- 
teracts with a photon, it will carry the information belonging to the photon 
any more. And as the electron interacts with a second photon, it will transfer 
the information belonging the first photon to the second one. From the phys- 
ical point of view, there is no any difference whether the interaction takes 
place simultaneously or at different times except time. For that reason, in 
the double-slit experiment to be performed by sending single photons in the 
presence of charged particles, the photon passing through a slit will identify 
the geometry of the other slit through charged particles and interference will 
be possible in that way. In the case of performing the Young type double- 
slit experiment in vacuum by sending single photons, since there will be no 
interaction between the photons, interference will not occur. As a conse- 
quence, interference between different photons is possible in the presence of 
charged particles. Since the superposition principle will not work in vacuum, 
if the contribution resulting from uncertainty principle is ignored, the inten- 
sity will be equal to the sum of intensities of the fields passing through two 
slit. Hence, the intensity expressions in (2.3) and (2.9) will be of the form: 

/(r,t) = E^ + E^ (16) 

J(r, t) = N[Tr(paiai) + Tr(pa^a2)] (17) 

Since wave will not pass through vacuum, particles will pass. In that case, 
what to be observed in the Young type double-slit experiment in vacuum 
will be the particle characteristics of light. Furthermore, if the information 
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of the firstly passing photons is lost, in the double-slit experiment carried 
out by sending single photons, due to external effects or due to interactions 
between the charged particles present in the environment still interference 
will not occur. This case was demonstrated through an experiment carried 
out by Pfleegor and Mandel^^ by the use of two independent same type laser 
sources. They stated that when the time interval between the sent times of 
photons is increased it was not possible to observe interference. 

5 Discussion 

Since in nature, information could be obtained only by indirect means it will 
not be possible for a photon to make interference with itself. Interference 
between different photons is possible only in the presence of charged particles. 
In that case, it is necessary that both statements of Dirac's to be false. This 
case can be observed by a Young type double-slit experiment in vacuum. For 
the reasons explained above, linear superposition of two fields in vacuum will 
not be possible and hence interference will not be observed. 
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